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Abstract 1 Acid sulfate soil shows extremely low-pH, and revegetation of the soil is difficult due 2 to high concentration of toxic elements such as aluminum and poor nutrient availability. 3 Community compositions of arbuscular mycorrhizal (AM) fungi that associate with 4 Miscanthus sinensis, pioneer grass species in acid sulfate soil, were investigated to 5 clarify environmental factors that regulate the community structure. The rhizosphere 6 soils of M. sinensis grown in acid sulfate soil were collected from three sites that 7 distributed in subarctic, temperate and subtropical zones in addition to those of the 8 plants grown in a sandy soil site in a subarctic zone. M. sinensis seedlings were grown 9 on these soils in a greenhouse for 2 months, and large subunit ribosomal RNA gene of Acid sulfate soil is widely distributed in coastal and volcanic areas in the world and 32 generated by chemical and microbial oxidation of sulfide-rich materials, mainly pyrite 33 originated from marine sediment, estuarine depositions or volcanic depositions that are 34 exposed by large-scale land development and reclamation ( Prasittikhet and 35 Gambrell 1989). The environmental impacts of acid sulfate soil have become major 36 concern: drainage from the soil that shows extremely low-pH and high-levels of iron 37 threatens terrestrial and marine ecosystems (Appleyard et al. 2004 ; Powell and 38 Martens 2005). Thus, there is an urgent need for the development of restoration 39 strategies for acid sulfate soil. Pioneer plants that consist of primary vegetation in disturbed areas may have 41 developed diverse strategies to adapt to severe environment during evolution. It has 42 been suggested that phosphorus (P) deficiency is one of the primary factors that limit 43 the growth of plants in acidic soil as well as high levels of phytotoxic elements 44 (reviewed by Kochian et al. 2004) . Associating with symbiotic microorganisms that 45 improve P nutrition is likely to be one strategy of pioneer plants to confer acidic soil-46 stresses. Arbuscular mycorrhizal (AM) fungi associate with up to 80% of terrestrial 47 plants and supply P to the host through extensive hyphal networks constructed in soil 48 (Smith and Read 1997 Eastern Asia, has a high potential of photosynthesis as a C 4 plant and distributes the 62 roots deeply in soil for the efficient uptake of water and nutrients (Ohtsuka et al. 1993 ).
63
The plant releases citrate to protect the root tips from aluminum-toxicity under acidic 64 conditions and thus is highly acid-tolerant (Kayama 2001 subarctic zone) in Japan (Fig. 1) . The former three were the sites for acid sulfate soil, 92 and the latter was a control site for non-acid sulfate soil. The climates and surrounding 93 vegetation of these sites are summarized in Table 1 . 94 Acid sulfate soil in Rankoshi was originated from pyroclastic sediment and washed with tap water and blotted on a paper towel. The samples for DNA extraction 141 was frozen in liquid nitrogen immediately, freeze-dried for 2 days and stored at -30˚C, 142 whereas those for the assessment of AM colonization were cut into ca 1 cm segments 143 and stored at -30˚C. 144 The levels of AM colonization was assessed after clearing with 10% KOH 145 and staining with Trypan blue by the gridline intersection method ( Giovannetti and values in between 3.5 -3.9 were observed most frequently (Fig. 2a) Since the pH values observed in Nago samples were higher than expected, pH (H 2 O 2 ) 226 of the soils that showed pH higher than 5.5 was measured. Oxidation of the soils by 227 H 2 O 2 dramatically decreased the pH values to less than 2.5, implying that the soils in 228 Nago were 'potential acid sulfate soil' (data not shown). The levels of available P were 229 lower in Rankoshi and Atsuma soils, followed by those in Nago and Hazu soils (Fig.   230   2b ). Total N contents in the Hazu soils were lowest, followed by those in the Rankoshi 231 and Nago soils, and Atsuma soils showed highest N content (Fig. 2c) . Total C contents lower than the other samples (Fig. 2d) . The C levels in Nago soils were highly variable . 237 All of these parameters were combined irrespective of the sites and subjected Paraglomus occultum, respectively, and found from all of the four sites. PAR1 was, 260 however, further separated into two subgroups, group-I and -II, with a bootstrap value 261 of 100%. The group-I consisted of the clones detected from Rankoshi, Hazu and Nago, 262 the acid sulfate soil sites, while the group-II consisted of those only from Atsuma, the 263 sandy soil site. ARC1 was detected from 8 out of the 9 root samples grown on the 264 Nago soils thus was one of the dominant types in the site. PAR1 group-II, an Atsuma-265 specific phylotype that were detected from 6 out of the 9 samples, was one of the 266 dominants in the site. GLO5 showed no similarity to known species but related to 267 uncultured Glomus sp. hr11. This type was also detected from all of the four sites.
268
GLO1 was related to Glomus intraradices and detected from Rankoshi, Hazu and 269 Atsuma sites. This phylotype was further separated into two subgroups, group-I and -II, 270 with a high bootstrap value, and the group-II consisted of the clones only from 271 Rankoshi, while the group-I consisted of those from Rankoshi, Hazu and Atsuma. 272 GLO1 (group-I and -II) was the most abundant type in Rankoshi site. GLO3 showed 273 high-sequence similarity to Glomus sp. HR1 and Gl. manihotis and was found from 274 more than halves of the Hazu, Nago and Atsuma samples. ACA1 was related to 275 Acaulospora mellea, and detected from the Hazu, Nago and Atsuma sites. But this 276 phylotype was further separated into two subgroups, group-I and -II, with a bootstrap 277 value of 100%. The group-I consisted of the clones from Nago and Atsuma, whereas 278 the group-II consisted of the clones only from Hazu and was the most abundant type in 279 the site. GLO6 showed no similarity to known species but related to uncultured 280 Glomus sp. rp2 and was detected from Rankoshi and Atsuma sites. GIG1 was related to 281 Gigaspora margarita and found both from Hazu and Atsuma. GLO2 and ACA2 were 282 related to Gl. clarum and Ac. longula, respectively, and found both from Nago and 283 Atsuma sites. In Atsuma, ACA2 was found from 5 out of the 9 samples thus one of the 284 dominants in the site. UNC2 showed sequence similarity to uncultured glomeromycete 285 6.8 and detected only from Hazu. ACA3, SCT1, GIG2 and GLO7 showed similarity to 286 uncultured Acaulospora sp. S175, Scutellospora sp. hr83, Gi. gigantea and Gl.. (Fig. 4) . The highest value of the similarity index was observed between Nago and 297 Atsuma, the most distant sites, and the lowest value was observed between Rankoshi 298 and Atsuma, the nearest sites, reflecting that no significant correlation was found 299 between the indices and geographical distance. 300 To explore environmental factors that affect AM fungal community, PCA was 301 employed (Fig. 5) . The communities in Rankoshi and Hazu sites were closely located 302 on the site plot and showed positive scores along the first principal component (PC1) 303 axis that accounted 40.2% of the total variance (Fig. 5a) . In contrast, the communities 304 in Nago and Atsuma sites were closely located and showed negative scores with the The distribution of the phylotypes along pH gradients was more clearly recognized by 327 plotting the PC1 scores of these phylotypes against the average pH values of the soils 328 in which they occurred (Fig. 7) . GLO1 group-I, GLO1 group-II, ACA1 group-II, 329 GLO5 and PAR1 group-I that showed the positive scores occurred preferentially in 330 between pH 3.8 -4.2, whereas those with the negative scores were separated into two occurred in pH more than 5. The phylotypes that were detected from three or more 334 sites e.g. GLO1 group-I, PAR1 group-I, ARC1 and GLO3 showed higher PC2 scores 335 (Fig. 8) . It is noteworthy that these phylotypes are the ones that occurred in a wide 336 range of pH (Fig. 6) . 
